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Effects of SIRT6 Gene Silencing on the Apoptosis in Human

Hepatocellular Carcinoma Cells and Its Potential Mechanisms
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Abstract This study investigated the effects of lentivirus-mediated silent information regulator 6 (SIRT6)
knock-down on cell apoptosis in hepatocellular carcinoma (HCC) cells and its potential mechanisms. The expression
of SIRT6 gene in HCC cell lines (SK-Hep-1, Huh-7, PLC/PRF/5, HepG2) and immortalized human liver cell line
(MIHA) was detected by reverse-transcription polymerase chain reaction (RT-PCR) and Western blot, respectively.
SIRT6 gene was silenced by lentivirus-mediated shRNA interference technology and its efficiency of SIRT6 gene
silencing was detected by RT-PCR and Western blot. Effects of SIRT6 gene silencing on apoptosis in SK-Hep-1
and Huh-7 cells were analyzed by flow cytometry. The mRNA and protein levels of IAPs (inhibitor of apoptosis
proteins) family were analyzed by RT-PCR and Western blot, respectively. Effects of XIAP (X-linked inhibitor of
apoptosis protein gene) on the induction of apoptosis in SIRT6-depleted SK-Hep-1 cells were analyzed by flow
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cytometry. Our results showed that STIRT6 was over-expressed in HCC cells. Lentivirus-mediated shRNA interfer-
ence down-regulated the protein level of SIRT6 in the HCC cells. Knockdown of SIRT6 gene induced the apoptosis

of HCC cells and down-regulated the mRNA and protein levels of XIAP. XIAP over-expression significantly abol-

ished the induction of apoptosis in SIRT6-depleted cells. Together, these data indicated that SIRT6 gene silencing

might induce cell apoptosis in human hepatocellular carcinoma cells by regulating XIAP protein level.
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A: RT-PCREVISIRT6 mRNAZKF; B: Western blotf I SIRT6 2 [ Jii7KF-

%1 RT-PCR3|¥1/57%
Table 1 Sequences of RT-PCR primers

H L S1FE7)
Target genes  Primer sequence
HIAP-1 F: 5'-TGG TCT TCT CCA GGT TCA AA-3'
R: 5'-TGG TCT TCT CCA GGT TCA AA-3'
HIAP-2 F: 5-CAAATG GTT TCC AAG GTG TG-3'
R: 5'-GGA CAA CAG CTG CTC AAG AA-3'
XIAP F: 5'-GGA GGG CTA ACT GAT TGG AA-3'
R: 5"-ATT TGC ACC CTG GAT ACC AT-3'
ML-IAP F: 5'-CCA GCT GTC AGT TCC TGC T-3'
R: 5'-CAG CTG GGA GTG AGT CTC C-3’
Survivin F: 5'-CCC TGC CTG GCA GCC CTT TC-3'
R: 5'-CTG GCT CCC AGC CTT CCA-3'
ILP-2 F: 5'-GAA GCC CGG CTC ATT ACT T-3'
R: 5'-AGC TCT TGC AAG CTG CTC TT-3’
NAIP F: 5'-CCA GAC AAC AAT GCC ACT TC-3'
R: 5'-AAA TGC TCT GTC CGT CCT TT-3’
BRUCE F: 5'-GAC ACT GCT CTG CAAACT CC-3'
R: 5'-AGA GCT GCT GTG CCT CTG TA-3’
p-actin F: 5'-CTC TTC CAG CCT TCC TTC CT-3'
R: 5'-AGC ACT GTG TTG GCG TAC AG-3'
SIRT6 F: 5'-GCA GTC TTC CAG TGT GGT GT-3’

R: 5'-CCATGG TCC AGA CTC CGT-3'

PLC/PRF/5H1HepG2) 1 1E ¥ 7K A= A6 1 41 s ZMIHA
FRRLIISIRT6 ) 261, LAB-actin?hj 2. RT-PCRATWest-
ern blot& ) i 7R, SIRT6YEHCCAN il 5 H [FImRNAF!
TP RO AT 40 i RMIHA Y] 2T = (1D
2.2 RT-PCR#IWestern bloti& | 18 /% &/ S 84
shRNAXSIRT6B D #H4E

kT B E AN I ) STRT6 shRNA R U7 2R 250,
A TH 2 iAshCont. shSIRT6-1. shSIRT6-2 1] 18

®)

A: SIRT6 mRNA level was detected by RT-PCR; B: SIRT6 protein level was detected by Western blot.
Ell RT-PCRFAWestern blotZ3 5| A BF 240 A 5 F05k 4 (L AT 2B A & P STRT6 mRNAFN & H ik F

Fig.1 The mRNA and protein level of SIRT6 in hepatocellular carcinoma cell lines and the immortalized

liver cell line were detected by RT-PCR and Western blot, respectively
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B-actin

A: RT-PCRKIISIRT6 mRNAJK; #*P<0.01, HjshCont4 H#. B: Western blotfIISIRT6 4 [ it /K-
A: SIRT6 mRNA level was detected by RT-PCR; **P<0.01 vs shCont group. B: SIRT6 protein level was detected by Western blot.
E2 RT-PCRFAWestern bloti& i SIR T6E: & T2k BRI
Fig.2 The efficiency of SIRT6 gene silencing was detected by RT-PCR and Western blot, respectively
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A S A DA B TS . B T g L ) P+ P<0.01, SshCont4 LLAg; S8 Ak a7 845 39k, £l PlmeantS.D.JE K s .

A: representative scatter plot detecting apoptosis by flow cytometry. B: percentage of apoptitic cells; **P<0.01 vs shCont group; Each point represents

the mean+S.D. of three independent experiments.

E3 SRR MSIR T6E F T 2L % SK-Hep-1F1Huh-748 AR T H9 £2 0
Fig.3 Effects of SIRT6 gene silencing induced apoptosis in SK-Hep-1 and Huh-7 cells detected by flow cytometry
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hibitor of apoptosis proteins, IAPs) % & Ji% b1 /& H B
IR 55 VR 425 0 i 0 TR 0% 1) LR 1, XGZE B U
T4l &5 (1 (X-linked inhibitor of apoptosis protein
gene, XTAP) &I A AR L B AT 9 20 3 724
LR, Nt e AW DR T R E e Ol T DR
SIRTGOXT N JH i 40 10 U5 T 5% Wi 6 73 1 L), FRATIAE
JH- e 41 e SK-Hep-1_F & 4t % iAshCont.  shSIRT6-1
shSIRT6-21¥1 18 #, 72 hJ5 #£IXRNA, ¥ HRT-PCR
R ITAPS 5K i i 51 FImRNAZK V. 45 R 5K, Hsh-
Cont41 #H L, shSIRT6-11shSIRT6-221XIAP mRNA
KT 53 Bl B AR 66% F170%, 72 5 H A 48 il 2% 5 X
(P<0.01); Tl oA B% 531, mRNAZK P A WL B 5 5%
(KE4); [F] ), Western blothsr il A& B, 1T ERSIRT6R] LA
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2
1]
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N s Q Q o
x\\Yg ®§ 4&* \w&?' y @6

%

#%P<0.01, shCont4] LL4L .
**#P<0.01 vs shCont group.

N XIAPHE [ FUK(K]5).
2.5 SIRTOEFETEE T T IAXIAPERERIZFES
RFidmpA T

T iHE— 25 UE IXTAPLESIRT6 VR 45 40 i 3 1~
IR b O A A, FRATTAESK-Hep-141 M | i 2R
SIRT6HE ] I [F] i} 3ok 2 IA XTAP, il ik Western blotill
52, SIRT6RE AT ER FIXTAPIE #3202 75 24 1) (1 6)
HE—20 W a4l AR BB, shCont+pCMV6-XL5
shSIRT6+pCMV6-XL5. shSIRT6+pCMV6-XL5-XI-
AP fIshCont+pCMV6-XL5-XTAPA] (1) 41 g 7 1= H 43l
1A (12.7042.04)%- (26.50+2.64)%- (12.20+£1.20)%
FI(12.90£2.26)%. X 475, YIBRSIRTO W LA it 3 5
5 SK-Hep-141 il 98 T-(P<0.01), 7F b FEmb b id ik

3k 3k

i H
\4 S & <o
. s,\}' W ‘Z&Q\\o %\‘%
N &
A\ Q&

El4 RT-PCRAGMTEASIRT6E F 3 SK-Hep-140A FIAPsZR fEmRNA K T /Y S0
Fig.4 Effects on mRNA levels of IAPs family in SIRT6-depleted SK-Hep-1 detected by RT-PCR

B-actin

&5 Western bloth: ST ERSTR T6EE [E 3t
XIAPE B Bk F Y08
Fig.5 Effects of SIRT6 gene silencing on
protein levels of XIAP detected by Western blot

B-actin

El6 Western bloti&ilSIRT6. XIAPRiAK T
Fig.6 The expression of SIRT6 and XIAP
detected by Western blot
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—mm— A nnexin V

A G A ARSI 40 Y 1 s L B P T4 LA P +#P<0.01, i shSIRT6+pCMV6-XLSZ LL A5 »
A: representative scatter plot detecting apoptosis by flow cytometry; B: percentage of apoptitic cells; **P<0.01 vs shSIRT6+pCMV6-XL5 group.
E7 IREXTIAPXSIRT6E FE RS S A AT BRI T IR0
Fig.7 Effects of XIAP over-expression on the induction of apoptosis in SIRT6-depleted SK-Hep-1 detected by flow cytometry
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SEAR LA

FLHT, SIRT6AE e A E - Sl e —T7
[, Marquardt%5! 73 i 43 HTOncomine Cancer/a $tts
Fi B 12 R DL, SIRT6 mRNAZK -7 FFRELE AT i 41
2P LR A A ZH 23 W 2 B AIC . il 0 40 B SIRT6 %
PRI AR 1 /I B D A 40 i A L, SIRT6HE PR fofe 2R g
Jo br W) T IR & 1 (a-fetoprotein, aFPELAFP). i
# K 2B K X 1-2(insulin-like growth factor 2, IGF2).
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FIE W] T, AR AR I R s A FEAS. A
i 240 i 5 R LA 48 i v 2647 SIRT6 mRNAFI £ [
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PITIREFIHLEL . BRI Z A1, BIZI 5 12 K] (immediat-
edly early genes) c-Fosit ik 5 ‘7 SIRT6HE R e 55, MM
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DA F e R e o1l e MTHTE 71 R e S K
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SCRRIRIE, (ELTAE R T S R L A
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I M T AE T IR NS S T, 54, FERT
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FIBUKAT, 5 7R SIRT6R] LA XIAPEE PRI 1) 05 5 1
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SIRTOFE A YUER T i 5 1O e 40 B R 10 XTAP & U
TR Hr 1 (TAPS) 5% H 4 i 0 1 de HARER PR )
FEIN, A WEIEAE B, XTAPEE R LE 22 Pl sl v o ggg v #8
AR, HompERESMEr kAR E A5
R UG SO TGS (AR BT 2 DI OGP g 4 i
W XTAPHE PR v 3wl L3 aok 38 428 ) T2 90006 ) N (1)
i Rl A 5 caspase G P, e B LR il caspase-3
caspase-7 caspase-9, M 1M 14 41 o Fe - 25 Fh i) 35 51
RV M TR AR S R, B 1) U BRXTA PR A
L LA FH g 0 00035 236, S 398 Gt R 2 M 1)
TRUBAERT, 53 4b, HirA 22 % [ JIK B 1 (HtrA serine pepti-

dase 1, HTRA 1)ifi i {22 XTA P R 3¢ 32« 15 i i 4
JRLf 22 HR 2128 FEARHIT ST, SIRT6 SR & —
25 LR, ARIL 2 TR A TS PR T RE IR HAE
YEH T XTAP I, i A 38 sk T A s 4% () 42 A 4% 46
FWFIC R, PIBK/AK 5 1 i GE (e dEXIAPEE K 3%
iLP30 SIRT6 W fiE 2 5 PI3K/Aktf5 5l % (K 2, 5%
Wi Akt PR R Ak AP, DR e SR ATTAE AR, 78 9
SIRT6 W] fE 30 1 1F [f) 4 FEPISK/AKtIE %, 14 Inp-Akt
(R 7K, e HEXTAPIE R 36 525, Wi 9 2 B 40 i &
AEPHT

A2, DUERSIRTOHE R 2 75 18 1ok 1 ¥ XTAPAH 5%
ERERil= YT AN R b N S R R el
— RN FUSIRTOHE R Pt BR 5 19 40 B 9 02 1% 4>
FHLN, AT A JH-Jes () DRLYR 7 SR AT 1 231 B R

S Z 3k (References)

1 Kennedy AS, Sangro B. Nonsurgical treatment for localized he-
patocellular carcinoma. Curr Oncol Rep 2014; 16(3): 373.

2 Lee JH, Chung YH, Kim JA, Shim JH, Lee D, Lee HC, et al.
Genetic predisposition of hand-foot skin reaction after sorafenib
therapy in patients with hepatocellular carcinoma. Cancer 2013;
119(1): 136-42.

3 Flick F, Luscher B. Regulation of sirtuin function by posttransla-
tional modifications. Front Pharmacol 2012; 3: 29.

4 Herskovits AZ, Guarente L. Sirtuin deacetylases in neurodegen-
erative diseases of aging. Cell Res 2013; 23(6): 746-58.

5 Gertler AA, Cohen HY. SIRT6, a protein with many faces.
Biogerontology 2013; 14(6): 629-39.

6 Michishita E, McCord RA, Berber E, Kioi M, Padilla-Nash H,
Damian M, et al. SIRT6 is a histone H3 lysine 9 deacetylase that
modulates telomeric chromatin. Nature 2008; 452(7186): 492-6.

7 Pan PW, Feldman JL, Devries MK, Dong A, Edwards AM, Denu
JM. Structure and biochemical functions of SIRT6. J Biol Chem
2011; 286(16): 14575-87.

8 Finkel T, Deng CX, Mostoslavsky R. Recent progress in the biol-
ogy and physiology of sirtuins. Nature 2009; 460(7255): 587-91.

9 Guarente L, Partridge L, Wallace DC. Molecular Biology of Ag-
ing. Cold Spring Harbor Laboratory Press: Cold Spring Harbor,
New York, 2008.

10 Imai S, Guarente L. Ten years of NAD-dependent SIR2 family
deacetylases: Implications for metabolic diseases. Trends Phar-
macol Sci 2010; 31(5): 212-20.

11 Sebastian C, Zwaans BM, Silberman DM, Gymrek M, Goren A,
Zhong L, et al. The histone deacetylase SIRT6 is a tumor suppressor
that controls cancer metabolism. Cell 2012; 151(6): 1185-99.

12 van Meter M, Mao Z, Gorbunova V, Seluanov A. SIRT6 over-
expression induces massive apoptosis in cancer cells but not in
normal cells. Cell Cycle 2011; 10(18): 3153-8.

13 Wang J, Kafeel M, Avezbakiyev B, Chen C, Sun Y, Rathnasa-
bapathy C, et al. Histone deacetylase in chronic lymphocytic
leukemia. Oncology 2011; 81(5/6): 325-9.



\

396 IR L -
14 Lefort K, Brooks Y, Ostano P, Cario-André M, Calpini V, Guinea- dysregulated balance in liver cancer. Liver Int 2007; 27(2): 155-62.

20

21

22

23

Viniegra J, et al. A miR-34a-SIRT6 axis in the squamous cell dif-
ferentiation network. EMBO J 2013; 32(16): 2248-63.

Ming M, Han W, Zhao B, Sundaresan NR, Deng CX, Gupta MP,
et al. SIRT6 promotes COX-2 expression and acts as an onco-
gene in skin cancer. Cancer Res 2014; 74(20): 5925-33.

Liu Y, Xie QR, Wang B, Shao J, Zhang T, Liu T, et al. Inhibition
of SIRT6 in prostate cancer reduces cell viability and increases
sensitivity to chemotherapeutics. Protein Cell 2013; 4(9): 702-10.
Marquardt JU, Fischer K, Baus K, Kashyap A, Ma S, Krupp M,
et al. Sirtuin-6-dependent genetic and epigenetic alterations are
associated with poor clinical outcome in hepatocellular carci-
noma patients. Hepatology 2013; 58(3): 1054-64.

Min L, Ji Y, Bakiri L, Qiu Z, Cen J, Chen X, et al. Liver cancer
initiation is controlled by AP-1 through SIRT6-dependent inhibi-
tion of survivin. Nat Cell Biol 2012; 14(11): 1203-11.

Zhang ZG, Qin CY. SIRT6 suppresses hepatocellular carcinoma
cell growth via inhibiting the extracellular signal-regulated ki-
nase signaling pathway. Mol Med Rep 2014; 9(3): 882-8.

Zhang J, Liu H, Pan H, Yang Y, Huang G, Yang Y, ef al. The his-
tone acetyltransferase hMOF suppresses hepatocellular carcinoma
growth. Biochem Biophys Res Commun 2014; 452(3): 575-80.
Feng XX, Luo J, Liu M, Yan W, Zhou ZZ, Xia YJ, et al. Sirtuin
6 promotes transforming growth factor-p1/H,O,/HOCl-mediated
enhancement of hepatocellular carcinoma cell tumorigenicity by
suppressing cellular senescence. Cancer Sci 2015; 106(5): 559-66.
Zhong L, D'Urso A, Toiber D, Sebastian C, Henry RE, Vadysiri-
sack DD, et al. The histone deacetylase SIRT6 regulates glucose
homeostasis via Hifla. Cell 2010; 140(2): 280-93.

Fabregat I, Roncero C, Fernandez M. Survival and apoptosis: A

24

25

26

27

28

29

30

31

Notarbartolo M, Cervello M, Poma P, Dusonchet L, Meli M,
D'Alessandro N. Expression of the IAPs in multidrug resistant
tumor cells. Oncol Rep 2004; 11(1): 133-6.

Lima RT, Martins LM, Guimaraes JE, Sambade C, Vasconcelos
MH. Specific downregulation of bcl-2 and XIAP by RNAi enhances
the effects of chemotherapeutic agents in MCF-7 human breast
cancer cells. Cancer Gene Ther 2004; 11(5): 309-16.

Wu W, Wan OW, Chung KK. S-nitrosylation of XIAP at Cys 213
of BIR2 domain impairs XIAP's anti-caspase 3 activity and anti-
apoptotic function. Apoptosis 2015; 20(4): 491-9.

Chen J, Xiao XQ, Deng CM, Su XS, Li GY. Downregulation of
xIAP expression by small interfering RNA inhibits cellular vi-
ability and increases chemosensitivity to methotrexate in human
hepatoma cell line HepG2. J Chemother 2006; 18(5): 525-31.
Bao W, Zhu F, Duan Y, Yang Y, Cai H. HtrAl resensitizes multi-
drug-resistant hepatocellular carcinoma cells by targeting XIAP.
Biomed Pharmacother 2015; 70: 97-102.

Kwon DS, Kwon CH, Kim JH, Woo JS, Jung JS, Kim YK. Signal
transduction of MEK/ERK and PI3K/Akt activation by hypoxia/
reoxygenation in renal epithelial cells. Eur J Cell Bio 2006;
85(11): 1189-99.

Hu P, Han Z, Couvillon AD, Exton JH. Critical role of endog-
enous Akt/IAPs and MEK1/ERK pathways in counteracting en-
doplasmic reticulum stress-induced cell death. J Biol Chem 2004;
279(47): 49420-9.

Xiao C, Kim HS, Lahusen T, Wang RH, Xu X, Gavrilova O, et
al. SIRT6 deficiency results in severe hypoglycemia by enhanc-
ing both basal and insulin-stimulated glucose uptake in mice. J
Biol Chem 2010; 285(47): 36776-84.





